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(57) ABSTRACT

An intelligent tire system may include a bearing assembly
enclosing a wheel rim and a sensor module installed to be
relatively rotated with respect to the wheel rim by the
bearing assembly and continuously sensing an inner surface
of a tire contacting a road.

9 Claims, 4 Drawing Sheets
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INTELLIGENT TIRE SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority of Korean Patent
Application Number 10-2013-0149372 filed on Dec. 3,
2013, the entire contents of which is incorporated herein for
all purposes by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an intelligent tire system,
and more particularly, to an intelligent tire system capable of
improving measurement precision by continuously measur-
ing variation of a tire even in a case in which a wheel is
rotated.

2. Description of Related Art

An intelligent tire system is a system predicting or mea-
suring force acting on a tire by attaching a sensor to the tire
to sense a change in a rubber surface of the tire.

The above mentioned intelligent tire system is used for a
chassis control logic of a vehicle, such that it is utilized to
improve driving stability and riding quality of the vehicle.

That is, a tire variation measuring sensor is embedded in
the tire and a controlling unit converts the measured varia-
tion of the tire into force and estimates a slip angle of the tire,
a road friction coefficient, and the like to utilize in various
chassis control logics.

FIG. 1 is a view for schematically describing a configu-
ration of an intelligent tire system according to the related
art, wherein a sensor 2 is fixed to a wheel rim 1, such that
when the sensor 2 is directed to a road at the time of the
rotation of the wheel, the variation in the tire rubber surface
is sensed by the sensor 2.

However, the related art as mentioned above measures the
variation of the tire only once per one rotation of the wheel
rim since the sensor is rotated together with the wheel rim.
Therefore, there is a limitation in improving precision in
response to the variation measurement of the tire.

However, even though the scheme according to the
related art is used, since the variation is measured only once
per one rotation of the wheel, there is a limitation in
improving precision of the variation measurement.

The matters described as the related art have been pro-
vided only for assisting in the understanding for the back-
ground of the present invention and should not be consid-
ered as corresponding to the related art known to those
skilled in the art.

The information disclosed in this Background of the
Invention section is only for enhancement of understanding
of'the general background of the invention and should not be
taken as an acknowledgement or any form of suggestion that
this information forms the prior art already known to a
person skilled in the art.

BRIEF SUMMARY

Various aspects of the present invention are directed to
providing an intelligent tire system capable of improving
measurement precision by continuously measuring variation
of a tire even in a case in which a wheel is rotated.

In an aspect of the present invention, an intelligent tire
system may include a bearing assembly enclosing a wheel
rim, and a sensor module installed to be relatively rotated
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with respect to the wheel rim by the bearing assembly and
continuously sensing an inner surface of a tire contacting a
road.

The bearing assembly may include an inner race fixed to
the wheel rim, an outer race having the sensor module fixed
thereto and relatively rotating with respect to the inner race,
and a roller installed between the inner race and the outer
race.

The sensor module may have a sensor installed at an end
portion thereof, the sensor sensing the inner surface of the
tire contacting the road.

The sensor module may have a light source installed at a
side portion thereof, the light source illuminating the inner
surface of the tire contacting the road.

The sensor is a camera sensor.

The inner surface of the tire is provided with a pattern, and
the sensor senses the pattern.

The intelligent tire system may further include a wireless
transmitting unit receiving information on the sensed pattern
from the sensor, a wireless receiving unit receiving the
information on the pattern input through the sensor from the
wireless transmitting unit, and an intelligent tire Engine
Control Unit (ECU) receiving the information on the sensed
pattern from the wireless receiving unit and determining
variation of the information on the pattern varied according
to variation of the tire.

The intelligent tire system may further include a first
magnetic substance installed in the sensor module, and a
second magnetic substance installed on a car body posi-
tioned over the first magnetic substance and limiting a
rotation of the first magnetic substance by magnetic force
therebetween.

The first magnetic substance and the second magnetic
substance are a permanent magnet or an electromagnet.

The car body having the second magnetic substance
installed thereon is a brake dust cover.

The methods and apparatuses of the present invention
have other features and advantages which will be apparent
from or are set forth in more detail in the accompanying
drawings, which are incorporated herein, and the following
Detailed Description, which together serve to explain certain
principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view for describing a tire measurement
operating relationship in an intelligent tire system according
to the related art.

FIG. 2 is a view for describing a tire measurement
operating relationship in an intelligent tire system according
to an exemplary embodiment of the present invention.

FIG. 3 is a view showing an entire configuration of the
intelligent tire system according to the exemplary embodi-
ment of the present invention.

FIG. 4 is an enlarged view of a shape of a sensor module
in the intelligent tire system according to the exemplary
embodiment of the present invention.

FIG. 5 is a view for describing an installation position of
a second magnetic substance in the intelligent tire system
according to the exemplary embodiment of the present
invention.

FIG. 6 is a view for describing an arrangement relation-
ship of a first magnetic substance and the second magnetic
substance in the intelligent tire system according to the
exemplary embodiment of the present invention.

FIG. 7 is a view for describing a sensing operation of
pattern information and a variation illustration of a pattern
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by the intelligent tire system according to the exemplary
embodiment of the present invention.

It should be understood that the appended drawings are
not necessarily to scale, presenting a somewhat simplified
representation of various features illustrative of the basic
principles of the invention. The specific design features of
the present invention as disclosed herein, including, for
example, specific dimensions, orientations, locations, and
shapes will be determined in part by the particular intended
application and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the
several figures of the drawing.

DETAILED DESCRIPTION

Reference will now be made in detail to various embodi-
ments of the present invention(s), examples of which are
illustrated in the accompanying drawings and described
below. While the invention(s) will be described in conjunc-
tion with exemplary embodiments, it will be understood that
the present description is not intended to limit the
invention(s) to those exemplary embodiments. On the con-
trary, the invention(s) is/are intended to cover not only the
exemplary embodiments, but also various alternatives,
modifications, equivalents and other embodiments, which
may be included within the spirit and scope of the invention
as defined by the appended claims.

An exemplary embodiment of the present invention will
be described in detail with reference to the accompanying
drawings.

FIG. 2 is a view for describing a tire measurement
operating relationship in an intelligent tire system according
to an exemplary embodiment of the present invention, FIG.
3 is a view showing an entire configuration of the intelligent
tire system according to the exemplary embodiment of the
present invention, FIG. 4 is an enlarged view of a shape of
a sensor module in the intelligent tire system according to
the exemplary embodiment of the present invention, FIG. 5
is a view for describing an installation position of a second
magnetic substance in the intelligent tire system according
to the exemplary embodiment of the present invention, FIG.
6 is a view for describing an arrangement relationship of a
first magnetic substance and the second magnetic substance
in the intelligent tire system according to the exemplary
embodiment of the present invention, and FIG. 7 is a view
for describing a sensing operation of pattern information and
a variation illustration of a pattern by the intelligent tire
system according to the exemplary embodiment of the
present invention.

The intelligent tire system according to the exemplary
embodiment of the present invention is generally configured
to include a bearing assembly 20 and a sensor module 30.

Describing in detail with reference to FIGS. 2 to 7, the
intelligent tire system according to the exemplary embodi-
ment of the present invention is configured to include the
bearing assembly 20 provided in a shape enclosing a wheel
rim 10 and the sensor module 30 configured to be installed
to relatively rotate with respect to the wheel rim 10 by the
bearing assembly 20 to thereby always sense an inner
surface of a tire 40 contacting a road.

That is, the sensor module 30 is relatively rotated with
respect to the wheel rim 10 by the bearing assembly 20, such
that even though the wheel is rotated according to a drive of
a vehicle, the sensor module 30 is not rotated along the
wheel by a relative rotation operation and a self-load of the
bearing assembly 20. Therefore, the drive is made in the
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state in which the sensor module 30 is positioned at a lower
end portion of the wheel rim 10, such that the sensor module
30 may continuously sense the inner surface of the tire 40,
thereby making it possible to improve variation measuring
precision of the tire 40.

Further, the bearing assembly 20 is configured to include
an inner race 22 fixed to the wheel rim 10, an outer race 26
having the sensor module 30 fixed thereto and relatively
rotating with respect to the inner race 22, and a roller 24
installed between the inner race 22 and the outer race 26.

That is, the wheel rim 10 is fixed to the inner race 22 and
the sensor module 30 is fixed to the outer race 26, such that
even though the wheel rim 10 is rotated, the rotation of the
sensor module 30 is limited by the roller 24 installed
between the inner race 22 and the outer race 26.

According to an exemplary embodiment of the present
invention, the sensor module 30 may be configured to have
a sensor 32 installed at an end portion thereof and sense the
inner surface of the tire 40 contacting the road by the sensor
32.

That is, the sensor 32 installed in the sensor module 30
senses the inner surface of the tire 40 contacting the road,
such that a change in the tire 40 compressed by contacting
the road may be measured.

Here, the sensor 32 may be a camera sensor capable of
photographing an image, but it is merely an example and an
optical scheme using a light emitting diode and a light
receiving unit, a surface acoustic wave scheme, and the like
may be used.

Further, as shown in FIG. 7, the sensor module 30 may
have a light source 34 installed at a side portion thereof,
wherein the light source 34 may illuminate the inner surface
of the tire 40 contacting the road.

That is, the light source 34 emits light toward the inner
surface of the tire 40, such that the photographed image of
the inner surface of the tire 40 by the sensor 32 may be more
brightly and clearly photographed.

Here, a plurality of light sources 34 may be installed,
wherein the light source may be the light emitting diode
(LED).

In addition, the inner surface of the tire 40 may be
provided with a pattern 42 and the sensor 32 may sense the
pattern 42. Here, the pattern 42 may be a regular pattern 42
having a uniform shape and form as shown in FIG. 5, and
may need to have the shape and form capable of being
sensed by the sensor 32.

Further, as shown in FIG. 3, the intelligent tire system
according to the exemplary embodiment of the present
invention may be configured to further include a wireless
transmitting unit 50 receiving information on the sensed
pattern 42 from the sensor 32, a wireless receiving unit 60
receiving information on the pattern 42 input through the
sensor 32 from the wireless transmitting unit 50, and an
intelligent tire ECU 70 receiving information on the sensed
pattern 42 from the wireless receiving unit 60 and calculat-
ing variation of information on the pattern 42 varied accord-
ing to variation of the tire 40.

That is, when information on the pattern 42 recognized by
the sensor 32 is input to the wireless transmitting unit 50, the
wireless transmitting unit 50 transmits information on the
pattern 42 to the wireless receiving unit 60 and information
on the pattern 42 transmitted to the wireless receiving unit
60 is transmitted to the intelligent tire ECU 70. Then, the
intelligent tire ECU 70 measures the variation of tire 40 from
information on the pattern 42 and converts the measured
variation of the tire 40 into force applied to the tire 40, such
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that the change of the tire varied according to the variation
of the tire 40 may be measured.

A slip angle, a road friction coefficient, and the like of the
tire 40 may be estimated by the measured change of the tire
40 as described above so as to be utilized in various chassis
control logics.

Here, a position change of the pattern 42 may be variously
varied in an X axis, a Y axis, and a Z axis according to the
varied shape of the tire 40, and a specific measuring method
of the variation of the tire 40 according to the varied shape
of the pattern 42 may refer to a technology disclosed in
Korean Patent Laid-Open Publication No. 10-2012-
0060536.

Meanwhile, as shown in FIGS. 4 to 6, the intelligent tire
system according to the exemplary embodiment of the
present invention may be configured to further include a first
magnetic substance 36 installed in the sensor module 30 and
a second magnetic substance 86 installed on a car body
positioned over the first magnetic substance 36 and limiting
a rotation of the first magnetic substance 36 by magnetic
force.

That is, the second magnetic substance 86 is installed on
the car body positioned right above the first magnetic
substance 36 in a state in which a rotation of the second
magnetic substance 86 is limited, and attractive force attract-
ing each other acts between the first magnetic substance 36
and the second magnetic substance 86. Therefore, an instan-
taneous rotation motion of the sensor module 30 to be
rotated by friction force of the bearing at the time of
acceleration and deceleration of the vehicle is limited by
magnetic force of the first magnetic substance 36 and the
second magnetic substance 86, such that the sensor 32
installed in the sensor module 30 may fixedly sense the
pattern formed on the inner surface of the tire 40.

Further, the first magnetic substance 36 and the second
magnetic substance 86 may be a permanent magnet or an
electromagnet.

The first magnetic substance 36 may be the permanent
magnet and the second magnetic substance 86 may be any
one of the permanent magnet and the electromagnet.

The car body having the second magnetic substance 86
installed thereon may be a brake dust cover 80. That is, since
the second magnetic substance 86 needs to be installed in a
portion without the rotation motion while being installed to
be adjacent to the position right above the first magnetic
substance 36, it may be installed on the brake dust cover 80.

According to the exemplary embodiment of the present
invention, the sensor module is relatively rotated with
respect to the wheel rim by the bearing assembly, such that
even though the wheel is rotated according to a drive of the
vehicle, the sensor module may not be rotated along the
wheel by the relative rotation operation and the self-load of
the bearing assembly. Therefore, the drive is made in the
state in which the sensor module is positioned at the lower
end portion of the wheel rim, such that the sensor module
may continuously sense the inner surface of the tire, thereby
making it possible to improve variation measuring precision
of the tire.

For convenience in explanation and accurate definition in
the appended claims, the terms “upper”, “lower”, “inner”
and “outer” are used to describe features of the exemplary
embodiments with reference to the positions of such features
as displayed in the figures.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for
purposes of illustration and description. They are not
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intended to be exhaustive or to limit the invention to the
precise forms disclosed, and obviously many modifications
and variations are possible in light of the above teachings.
The exemplary embodiments were chosen and described in
order to explain certain principles of the invention and their
practical application, to thereby enable others skilled in the
art to make and utilize various exemplary embodiments of
the present invention, as well as various alternatives and
modifications thereof. It is intended that the scope of the
invention be defined by the Claims appended hereto and
their equivalents.

What is claimed is:
1. An intelligent tire system, comprising:
a bearing assembly enclosing a wheel rim; and
a sensor module installed to be relatively rotated with
respect to the wheel rim by the bearing assembly and
continuously sensing an inner surface of a tire contact-
ing a road,
wherein the bearing assembly includes:
an inner race fixed to the wheel rim;
an outer race having the sensor module fixed thereto
and relatively rotating with respect to the inner race;
and

a roller installed between the inner race and the outer
race.

2. The intelligent tire system according to claim 1,
wherein the sensor module has a sensor installed at an end
portion thereof, the sensor sensing the inner surface of the
tire contacting the road.

3. The intelligent tire system according to claim 2,
wherein the sensor module has a light source installed at a
side portion thereof, the light source illuminating the inner
surface of the tire contacting the road.

4. The intelligent tire system according to claim 2,
wherein the sensor is a camera sensor.

5. The intelligent tire system according to claim 2,
wherein the inner surface of the tire is provided with a
pattern, and the sensor senses the pattern.

6. The intelligent tire system according to claim 5, further
comprising:

a wireless transmitting unit receiving information on the

sensed pattern from the sensor;

a wireless receiving unit receiving the information on the
pattern input through the sensor from the wireless
transmitting unit; and

an intelligent tire Engine Control Unit (ECU) receiving
the information on the sensed pattern from the wireless
receiving unit and determining variation of the infor-
mation on the pattern varied according to variation of
the tire.

7. The intelligent tire system according to claim 1, further

comprising:

a first magnetic substance installed in the sensor module;
and

a second magnetic substance installed on a car body
positioned over the first magnetic substance and limit-
ing a rotation of the first magnetic substance by mag-
netic force therebetween.

8. The intelligent tire system according to claim 7,
wherein the first magnetic substance and the second mag-
netic substance are a permanent magnet or an electromagnet.

9. The intelligent tire system according to claim 7,
wherein the car body having the second magnetic substance
installed thereon is a brake dust cover.
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